No chemoprevention strategies have been proven effective for lung cancer. We evaluated the effect of 13-cis retinoic acid (13-cis RA), with or without α tocopherol, as a lung cancer chemoprevention agent in a phase II randomized controlled clinical trial of adult subjects at high risk for lung cancer as defined by the presence of sputum atypia, history of smoking, and airflow obstruction, or a prior surgically cured nonsmall cell lung cancer (disease free, >3 years). Subjects were randomly assigned to receive either 13-cis RA, 13-cis RA plus α tocopherol (13-cis RA/α toco) or observation for 12 months.
Lung cancer is the leading cause of cancer deaths worldwide and in the United States where it accounts for 29% of all cancer deaths (1) . Exposure to tobacco smoke is the major cause of lung cancer in the United States. Prevention of tobacco exposure is thus a critical factor in reducing lung cancer mortality (2) . However, ∼50% of new lung cancers arise in former smokers and effective chemoprevention strategies are critical to reduce risk, especially in this large group, representing nearly 25% of the adult U.S. population (3) . Chemoprevention is an emerging field whereby drug therapy is used to halt or reverse the carcinogenesis process before the emergence of invasive cancer (4) . This approach has been successful to varying degrees with selective estrogen receptor modulators, finasteride, and nonsteroidal anti-inflammatories for subjects at high risk for breast, prostate, and colon cancer, respectively, and is being investigated in many cancers (5) (6) (7) (8) (9) . Chemoprevention for lung cancer has been explored unsuccessfully for decades (4, 10) , during which time, our understanding of the biology of pulmonary carcinogenesis has vastly expanded. The WHO/International Association for the Study of Lung Cancer classification for lung cancer now recognizes distinct histologic lesions, which can be reproducibly graded as precursors of lung cancer (11) . The pathway of carcinogenesis in the bronchial epithelium starts with normal epithelium and progresses through hyperplasia, metaplasia, dysplasia, carcinoma in situ to invasive cancer.
Based on epidemiologic data showing that lung cancer patients have lower serum levels of several antioxidant vitamins, several large randomized chemoprevention trials were conducted that evaluated β carotene, α tocopherol, or other vitamin and mineral supplementation (12) (13) (14) . Unfortunately, none of these showed a reduction in lung cancer incidence or mortality and in several, the lung cancer incidence was increased, especially in smokers (12, 13) . Phase III chemoprevention trials in patients with a prior lung or head and neck cancer resected for cure have been completed and require fewer patients but none have shown a reduction in lung cancer incidence (15, 16) .
Phase II intermediate end point trials have been proposed as one strategy for prioritizing agents for larger and more expensive phase III chemoprevention trials with lung cancer as an end point. There are no established intermediate biomarkers for lung cancer prevention trials, although intraepithelial neoplasia or dysplasia has been proposed as such (17) . Indeed, until an effective chemoprevention treatment is proven, intermediate end point biomarkers cannot be validated and even then uncertainties remain as to whether they will be predictive of outcome (18, 19) . However, given the difficulties in choosing agents for phase III chemoprevention trials, modulation of biologically plausible intermediate end point biomarkers is one rational factor, among others, in prioritizing agents for further testing. Metaplasia index and sputum cytologic atypia have been used in some trials but are not validated (10, 20, 21) . Metaplasia has been criticized as it can occur as a response to injury and is less specific for tobacco smoke exposure than dysplasia. The histologic grading of dysplastic endobronchial lesions was used in several recent trials, but the best scoring methodology for assessing changes in bronchial histology has not been established (22) (23) (24) . The use of biological and molecular markers is under investigation (25) . Ki-67 is a marker of cell proliferation and has been proposed as a potential intermediate biomarker for lung cancer chemoprevention trials (26, 27) . Both celecoxib and 13-cis retinoic acid (13-cis RA) have been reported to decrease Ki67 index in current or former smokers, respectively (28, 29) . Ki-67 index is closely related to current smoking, male gender, and the histologic degree of dysplasia, but not to either the presence of lung cancer or chronic obstructive lung disease, raising concerns with regard to its validity as a biomarker of lung cancer risk (27, 30, 31) . In this trial, we evaluate the effect of a chemoprevention agent (13-cis RA) on the bronchial epithelium using histologic and molecular biomarkers as a measure of efficacy.
13-Cis RA was selected because it had been shown to suppress epithelial carcinogenesis in animals and had reversed the histologically distinct preinvasive lesion, leukoplakia, in clinical trials (32) (33) (34) . Retinoids act by binding to nuclear retinoid receptors leading to transcriptional activation. 13-Cis RA must undergo stereoisomerization to exert its activity. Furthermore, it has been hypothesized that the 13-cis RA mechanism of action is to restore or increase RAC-β, a retinoic acid-responsive gene that has been shown to be reduced in premalignant epithelium of the aerodigestive tract (35) . At high doses of 50 to 100 mg/m 2 , toxicity was a problem with 13-cis RA, but at doses ranging from 30 to 70 mg/d, it was well-tolerated (36) . A secondary objective of this trial was to determine if α tocopherol could reduce the toxicity from 13-cis RA. This hypothesis was based on data from Dimery and colleagues (37) who conducted a small study involving 39 previously treated patients with head and neck, skin, or lung cancer. Compared with historical controls, the subjects in this study had fewer grade 3 or 4 retinoid toxicities.
Materials and Methods

Subject eligibility and recruitment
The trial enrolled adult subjects at high risk for lung cancer with sputum atypia. High risk was defined as a history of current or former smoking (>30 pack-years) with airflow obstruction (FEV1 of <75% of predicted and an FEV1/FVC ratio of <75% of predicted). Patients with a history of surgically cured stage I and II non-small cell lung cancer who were disease free for >36 mo regardless of smoking history were also eligible. A subject was considered a former smoker if he or she had not smoked for at least 6 mo. Subjects were excluded if they had abnormal hematologic, hepatic, or renal function; a chest radiograph suggestive of lung cancer; or serious concurrent illnesses including insulin dependent diabetes mellitus, uncontrolled hypercholesterolemia, or hypertriglyceridemia. Subjects could not be taking vitamin A or vitamin E supplements. The trial was Institutional Review Board approved, and all participants provided written informed consent in accordance with institutional and federal guidelines.
Trial design
This randomized-controlled phase II trial was designed to evaluate the change in bronchial histology after one year of treatment with 13-cis RA (with or without α tocopherol) compared with usual care in subjects at high risk for lung cancer. In addition to histology, treatment effects on cell proliferation (as measured by the Ki-67 index) were evaluated. The study schema is shown in Fig. 1 . Eligible subjects underwent a pretreatment white light and autofluorescence bronchoscopy and were then randomized to receive 13-cis RA at 50 mg/d p.o.; the same dose of 13-cis RA plus α tocopherol 800 mg/d, p.o. or no active treatment (obs). Randomization was blinded and stratified by smoking status (current versus former). Treatment group assignment was not blinded after randomization. Current smokers were encouraged to stop smoking and offered counseling and pharmacologic intervention. Active treatment was given for 1 y followed by 1 y of follow-up. Accrual goal was 100 subjects: 33 in each treatment arm and 34 in the observation arm.
Toxicity was graded according to the Southwest Oncology Group toxicity criteria (38) . If a subject taking 13-cis RA or 13-cis RA/α toco experienced a toxicity of grade 2 or greater, then treatment was suspended until the grade reduced to 1. If the initial grading was 2, then subjects restarted 13-cis RA at 40 mg/d; if the initial grading was 3, then the restart dose was 30 mg/d. Subjects were removed from study drug if the toxicity recurred (graded, >2), if the toxicity was grade 4, or if the toxicity did not resolve within 2 wk. Dose reductions for α tocopherol were not allowed.
Follow-up
All subjects were evaluated at 4 wk, then every 3 mo during the first year with bronchoscopy at end of treatment. This evaluation consisted of a history and physical examination, performance status, toxicity assessment, and pill count. Laboratory data included a complete blood count with differential and a platelet count, fasting serum chemistries including uric acid, lipids, and triglycerides.
Bronchoscopy protocol
Subjects underwent white light and autofluorescence bronchoscopy using a Xillix LIFE-Lung device. A standardized bronchoscopy procedure was followed (39) . The airways were first inspected with white light bronchoscopy followed by autofluorescence exam. Abnormal epithelial sites identified by white light or autofluorescence were photographed and recorded, as were the standard biopsy sites (right upper lobe orifice carina, right middle lobe orifice carina, right lower lobe superior segment orifice carina, left upper lobe orifice carina, carina between lingula and upper division bronchus, superior segment left lower lobe orifice carina). More than one biopsy could be taken at a given site. At least one biopsy was formalin fixed and paraffin embedded for H&E staining and others frozen in ornithine carbamyl transferase compound for immunohistochemical studies.
Specimen evaluation
All bronchial biopsies underwent immediate histopathologic evaluation using the WHO classification of preneoplasia of lung tumors, which separates lesions into 8 different grades, each given a number: 1, normal; 2, reserve cell hyperplasia; 3, squamous metaplasia; 4, mild dysplasia; 5, moderate dysplasia; 6, severe dysplasia; 7, carcinoma in situ; and 8, invasive carcinoma (11) . A single pathologist (WAF) read all histology for this study.
One biopsy from each site at which evaluable tissue was available was immunostained for Ki-67 using the mib-1 antibody (Dako) as described (31, 40) . Photomicrographs of the most histologically advanced lesion within the biopsy were taken, reviewed with a study pathologist (FRH or WAF), and 400 cells within that lesion counted and scored for nuclear Ki-67 expression with percentage Ki-67-positive cells calculated. Abbreviation: 13-cis RA + α-toc, 13-cis RA + α tocopherol.
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Statistical Analysis
The intention-to-treat (ITT) analysis includes all subjects who were randomized and received treatment. Because some subjects did not receive a follow-up bronchoscopy, the ITT analysis used the risk of progression defined as either an increase in histology or failure to obtain a follow-up bronchoscopy. The ITT analysis protects against the possibility that some subjects did not receive follow-up bronchoscopy because of unreported adverse treatment effects. Changes in histology in the subset of subjects who received two bronchoscopies were also analyzed.
Analyses were conducted using three different within-subject summary histology measures: the maximum (or worst) histology, the average histology over all biopsy specimens, and the dysplasia index (proportion of biopsies scored as mild dysplasia or worse).
Because α tocopherol was given to reduce toxicity, the two treatment groups were combined for efficacy analysis. The ITT analyses compared the odds of progressing in subjects receiving treatment relative to untreated subjects using logistic regression. The subset histologic analyses compared pretreatment-posttreatment histology changes in the treated and untreated groups using linear regression. To increase precision, all comparisons were adjusted for baseline histology. The results are reported using the standard 2-sided P values and 95% confidence intervals without adjustment for multiple comparisons.
This trial was designed as a pilot study to furnish preliminary data to allow planning for more definitive studies. Preliminary data from repeat bronchoscopies on similar subjects for sample size calculations were not available. 
Results
Subject characteristics
Between March 1994 and November, 2002, 96 subjects were consented to the trial. Accrual was discontinued short of the original goal of 100 due to the initiation of a second chemoprevention trial (Iloprost). Between consent and randomization, 10 subjects withdrew. Two had lung cancer diagnosed, two decided not to participate, one died, three were deemed poor candidates by their physicians, one had elevated triglycerides, and one did not have moderate atypia sputum. Eighty-six subjects were randomized to the study. Eleven subjects did not receive any treatment: 4 subjects withdrew before any treatment, 4 subjects were deemed ineligible after completing baseline evaluation but before treatment, 2 subjects died suddenly (1 with a myocardial infarction and the second from unknown cause), and 1 patient was withdrawn by his physician for predicted noncompliance. Table 1 shows the baseline characteristics for all 75 subjects who received treatment. There was no significant difference in baseline characteristics between the three groups. The majority of subjects were White, male, former smokers. Subjects in the treated groups were slightly older than the observation group and the average number of pack-years was higher in the 13-cis RA group. One subject had never smoked but had sputum atypia and a previous history of stage I lung cancer 7 years before enrollment. All subjects had significant airflow obstruction and almost half of the subjects required supplemental oxygen. Clinical characteristics were similar among current and former smokers except that current smokers were more likely to have moderate or severe sputum atypia (20 of 32 for current smokers versus 21 of 41 for former smokers). All subjects had mild or greater sputum atypia. No current smoker quit smoking while on study and no former smoker began smoking.
Bronchial histology at baseline is described in Table 2 . On average, eight biopsies were obtained per subject. There were no significant differences between treatment groups (either overall or in the current and former smoker subgroups). Overall, 162 of 561 (29%) of biopsies showed some degree of dysplasia and 51 of 75 (68%) of subjects had at least 1 dysplastic site at baseline. At baseline, current smokers had significantly worse histology than former smokers, as previously described (P < 0.001 regardless of histology measure; ref. 31 ).
Treatment effects on bronchial histology
Fifty five subjects had a posttreatment bronchoscopy. Reasons for not undergoing a repeat bronchoscopy were as follows: subject refusal (7), deemed too ill by investigators due to comorbid conditions (9), physician decision (1), and toxicity (1). On average, there were 9 biopsies per subject at follow-up bronchoscopy.
The results of the ITT analysis (Table 3 ; Fig. 2) show that although the risk of failure (progression in terms of maximum histology or failure to receive follow-up bronchoscopy) is 55.6% in the observation group and 50% in the treatment group, the decrease in the risk of progression is not statistically significant (P values ranging from 0.08-0.95, depending on histology parameter). The primary histology measure (maximum histology) indicates that odds of failure with treatment are approximately half the odds in the observation group; however, the confidence intervals are wide.
The ITT results are confirmed in the subset analysis of histologic change (Table 4 ; Fig. 3 ). Although the improvements in histology measures are greater in the treated group, the differences are not statistically significant. We note that some of the differences between groups are quite large (e.g., a 0.92 between-group difference in maximum histology among former smokers) and the confidence intervals are wide. Thus, there are meaningful differences between treatment groups, but variability is high. The results indicate that 13-cis RA treatment might have greater benefits for former smokers than current smokers, although the statistical test for differences between the treatment effects in current and former smokers is not significant.
Ki-67 Analysis
Cell proliferation as measured by Ki-67 immunostaining was determined on all biopsy sites as the percentage of cells (of 400) that stained positive for Ki-67. Three measures of Ki67 proliferation were then calculated for each subject: maximum Ki-67 (largest of all Ki-67 scores for that subject's biopsies), average Ki-67 (average Ki-67 score over all biopsies), and the Ki-67 Fraction (the fraction of biopsies for which the Ki-67 score exceeded 15%). The baseline levels are shown in Table 5 . There were no significant differences between observation and treatment groups for any of these parameters. Current smokers had higher Ki-67 immunostaining than former smokers, as previously described (31) . Changes in Ki-67 positivity with treatment or observation are shown in Table 6 . There were no statistically significant differences between observation and treatment groups in Ki-67 for any of the three parameters analyzed.
Adverse events
Seventy three percent (55 of 75) of subjects completed the first year of the study. Fourteen of the 16 subjects who stopped therapy were receiving 13-cis RA with or without α tocopherol. Treatment was primarily stopped because of toxicity: grade 1 (3), grade 2 (5), and grade 3 (2) , and the remaining 4 subjects discontinued therapy for other reasons. Eight subjects received <3 months of therapy. Skin toxicities including dry skin and eyes were the most frequent toxicity seen with treatment but were mild. Elevated uric acid, triglycerides, and cholesterol were common in both the treated and untreated groups. Events above grade 2 were uncommon. α Tocopherol did not reduce the side effects of 13-cis RA. (Table 7 ). One patient who had received 7 months of both agents died unexpectedly from heart failure. Two additional subjects died from cardiopulmonary causes during the follow-up period. Bronchoscopy was well-tolerated without pneumothorax, clinically significant bleeding, or respiratory failure requiring intubation or assisted ventilation.
One patient receiving 13-cis RA was diagnosed with stage I microinvasive squamous cell lung cancer on the 1-year posttreatment bronchoscopy. She was treated with brachytherapy and died 11 months after the 1-year posttreatment bronchoscopy from pneumonia and chronic obstructive lung disease.
Discussion
Phase III trials with lung cancer as the end point are needed before potential chemoprevention agents can be recommended for widespread use in high-risk populations. These trials are difficult, expensive, and time-consuming, so strategies to *Adjusted for baseline histology (either maximum, average, or index). All subject analysis is also adjusted for smoking status.
Phase II 13-CIS Retinoic Acid Chemoprevention Trial prioritize agents for phase III trials are needed. Information from epidemiology, cell biology, preclinical models, and phase II intermediate end point trials all may be useful to inform choices of agents for definitive phase III chemoprevention trials. In this phase II study, we show that 13-cis RA-treated subjects had minor but nonstatistically significant improvement in the histologic appearance of their bronchial biopsies assessed by maximum or average score or by the dysplasia index (Table 4) . Similarly, in the ITT analysis the risk of failure (progression in terms of maximum histologic score or failure to receive follow-up bronchoscopy) was 55.6% of subjects in the observation arm but only 50% of the treated group (P = 0.95; Table 3 ). The possible small effect of the 13-cis RA on histologic progression was not statistically different between current and former smokers. In a similar fashion, this trial showed no statistically significant differences in the changes between treatment and observation groups in bronchial epithelial proliferation measured by Ki-67 immunostaining. Although disappointing, these data are similar to what is known about the effectiveness of 13-cis RA from a large randomized trial where it failed to reduce the incidence of second primary lung cancers (15) . The data from our trial would not have supported moving 13-cis RA to a large phase III trial. Our results support the use of phase II trials with histology as an end point in prioritizing agents for phase III chemoprevention trials as similar negative results have been now been obtained for 13-cis RA in both.
We used three different within subject histology measures: maximum histology, average histology, and dysplasia index. It is not known which if any of these will be most highly predictive of chemoprevention in phase III trials. Maximum histology is likely the most clinically relevant, whereas average histology or dysplasia index might be most indicative of a field effect. Average histology and dysplasia index are dependent on the number of biopsies taken, as well as protocol details, such as whether only areas suspicious for dysplasia are biopsied or whether specific biopsy sites are mandated, in addition to suspicious areas.
We did not find a treatment effect of 13-cis RA on Ki-67 labeling index. Hittelman and colleagues (29) have recently reported that in both per subject and per site analysis, Ki-67 labeling decreased with 13-cis RA treatment in the parabasal but not the basal or superficial layers of the bronchial epithelium of former smokers. We do not fully understand the basis for this discrepancy, but it may be related to technical issues. Our study pathologists find that in the presence of dysplasia, definition of the basal and parabasal layers of the bronchial epithelium is not clear and we therefore determine Ki-67 labeling on the entire thickness of the bronchial epithelium. In fact, in the presence of dysplasia, Ki67 immunolabeling often extends to the most superficial layers of the epithelium. Although distinguishing between Ki-67 immunolabeling of various layers of the bronchial epithelium may be useful in studies on biopsies of lower grade premalignancy, such as metaplasia, this would be technically difficult in higher grades of atypia. A trial reporting decreased Ki-67 index with celecoxib did not discriminate between basal, parabasal, and superficial layers of the bronchial epithelium (28) .
This study also failed to confirm the ability of α tocopherol to reduce the toxicity associated with 13-cis RA. The severity of drug-associated toxicities was similar in each group and the fraction of subjects who discontinued therapy due to subject choice was also similar.
Recruitment of subjects to phase II chemoprevention trials with histology as an end point has proved difficult, partly due to the requirement for bronchoscopy. Rates of dysplasia have often been low (21) . We selected high-risk subjects based on smoking history, airflow obstruction, and/or history of prior lung cancer without evidence of reccurrence, all with sputum atypia. At the baseline bronchoscopy, 29% (162 of 561) of bronchial biopsies had dysplasia and 68% (51 of 75) of subjects had 1 or more biopsy with dysplasia. Other investigators have required dysplasia on a baseline bronchoscopy as an entry criterion, but this might be a disincentive to patient enrollment and increases cost. We do not know if modification of the entry criteria further would improve recruitment of subjects with dysplasia. The requirement for sputum atypia presents a significant barrier to enrollment, as not all subjects with a >30 pack-year smoking history and airflow obstruction can provide adequate expectorated samples. The methodology used in this trial can easily be adapted to the study of other novel agents and similar designs have been applied to the study of celecoxib, inhaled corticosteroids, iloprost, and green tea extract (22, 23, 28) . Using the entry criteria of a 30 pack-year smoking history, airflow obstruction and sputum atypia or a lung cancer resected >36 months before enrollment and sputum atypia, we were successful in recruiting subjects with a high incidence of endobronchial dysplasia for a phase II chemoprevention trial of 13-cis RA with or without α tocopherol compared with observation alone. α Tocopherol supplementation had no effect on the frequency of adverse events with 13-cis RA treatment.
Although 13-cis RA treatment was associated with trends toward lower rates of progression and improvement in endobronchial histology, no statistically significant treatment effects were seen. There was no effect of 13-cis RA on maximal or average Ki-67 labeling index, nor on the proportion of biopsies within individuals with >15% Ki-67 labeling. The results of this phase II chemoprevention trial are congruent with those of a larger phase III trial of 13-cis RA for chemoprevention of lung cancer. We conclude that there may be small effects of 13-cis RA on bronchial histology, but a new agent would have to show much greater and statistically significant effects to justify moving to a phase III trial. The basic study design of this trial is suitable for phase II trials and the results may be used to inform sample size calculations for future trials.
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